Introduction
The optimal treatment of Gustilo-Anderson Grade III open tibia fractures remains controversial. 1, 2 The tibia has a poor blood supply in the distal third and lacks muscular cover over the antero-medial border. This unforgiving soft tissue envelope and poor blood supply coupled with a propensity for high-energy trauma, increases the risk of infection and non-union in open tibia fractures. Non-union rates of 30% for intramedullary nailing and 40% for mono-lateral external fixators have been reported, while infection may occur in up to 40% of open diaphyseal tibia fractures. 3 Preventing infection and achieving union and functional restoration are the fundamental principles in treating these fractures. How best to achieve these goals remains contentious; time to initiation of antibiotic therapy, 4 timing of surgical debridement, 5 timing of wound closure, 6 duration of antibiotic cover, 7 what type of dressing to use, 8 timing and choice of fracture fixation, [9] [10] [11] [12] and the effect of HIV infection on the outcome of management [13] [14] [15] [16] [17] [18] have all been investigated in the literature.
Circular fixators are gaining popularity due to their minimally invasive application and inherent stability that allow early functional rehabilitation. In addition circular external fixation offers certain mechano-biological advantages that may promote bone formation. 19 Mono-lateral fixators employ cantilever loading that can lead to shear forces at the fracture site, predisposing to fibrocartilage formation and non-union. 20 Circular fixators use beam loading through tensioned fine wires to provide stability with high bending and translational rigidity while maintaining a degree of axial motion. These properties promote bone formation, making circular fixators ideal for complex fracture management.
We report the short-term results of a retrospective series of Gustilo-Anderson grade III open tibia fractures treated with circular external fixation. In addition we investigate the effect of HIV infection on the incidence of deep infection and non-union following open tibia fractures.
Materials and methods
Between January 2008 and January 2015 all patients that presented to our institution with grade III open tibial fractures were eligible for evaluation. Inclusion criteria were patients with high-grade open tibia fractures who completed treatment with definitive circular external fixation. Patients were excluded if they did not complete at least six months' follow-up. Institutional ethics committee approval was obtained prior to commencement of this study.
All patients were treated according to a standardised treatment protocol, starting with emergency department antibiotic administration (cefazolin and aminoglycoside), wound irrigation and splinting ( Figure 1 ). Subsequent urgent surgical debridement was performed in combination with temporary fracture stabilisation with a mono-lateral external fixator together with intra-operative classification according to 24 ( Figure 2) . At 48 hours a wound inspection and closure was performed by either delayed primary closure (grade IIIA), soft tissue flap or split skin graft (grade IIIB). All patients were offered voluntary counselling and testing for HIV during their hospital stay.
The temporary mono-lateral external fixator was converted to circular fixation within a period of two weeks, once the soft tissues had healed. Each circular fixator was individually designed and applied according to the specific fracture configuration. All frames were applied under the supervision of a consultant with limb reconstruction experience. The surgical technique followed meticulous preoperative planning and involved the use of pre-constructed frames. For Ilizarov-type fine wire circular fixators a proximal reference wire was inserted parallel to the knee joint, followed by frame application and a distal reference wire parallel to the ankle joint. This aligned the fracture in the coronal plane. Sagittal plane alignment was achieved under fluoroscopy and all wires were tensioned to 130 kg. Fixation was completed through the application of at least two tensioned wires per ring. 25 Hexapod external fixators were used in cases where acute fracture reduction was unsuccessful or where intentional fracture site deformity was used to facilitate soft tissue closure. These fixators were applied using the 'rings first' method entailing the independent, orthogonal application of the proximal and distal rings to each bone segment. 26 The hexapod was completed by attaching six variable length struts between the rings. Post-operative radiographs were used for planning correction of any deformity, which was commenced once the soft tissues were deemed suitable.
Fractures involving segmental bone loss of more than 4 cm were treated with bone transport using a standard five-ring transport frame construct. Following a metaphyseal osteotomy, bone transport was performed at 0.25 mm four times per day. Formal docking procedures consisted of debridement of the fibrous tissue within the docking site and Phemister-type autograft. 27 Fractures involving segmental bone loss of less than 4 cm were managed with acute shortening followed by subsequent lengthening through a metaphyseal osteotomy. Fibular osteotomies were performed in cases where acute shortening was required, in bone transport cases once docking occurred, and if a tibia fracture was associated with an intact fibula. Under tourniquet and via a lateral approach, between the peroneal and soleus muscles, 10 mm of fibula was resected. Fascia and skin were closed in layers over a drain and the tourniquet deflated for the remainder of the operation.
Post-operatively, all patients were instructed to mobilise fully weight bearing before discharge and a standardised pin-site care regimen was followed 28 ( Figure 3 ). Functional rehabilitation was encouraged under the guidance of a physiotherapist to facilitate early joint mobility and normalisation of gait pattern. Outpatient follow-up was scheduled at two-weekly intervals until a robust rehabilitation program was established. The importance of early transition from two to one or even no crutches was emphasised at each visit. Thereafter, the interval between followup appointments was increased to four weeks.
Radiological union was assessed by evidence of union of at least three out of four cortices. At this point, a staged 'trial of union' protocol was initiated by dynamisation of the external fixator. The site of the uniting fracture was manually stressed and if this did not cause any pain or deformity, the patient was instructed to bear weight. If the patient was able to walk without pain, they were allowed to return home with a fully dynamised frame and encouraged to mobilise, fully weight bearing, for a period of two weeks. Repeat radiographs were then compared with those before the trial of union; if no deformity had developed, union was deemed confirmed and the external fixator removed (Figure 4) .
Deep infection was defined as an infection involving any tissue deep to the skin and subcutaneous tissue, including bone, at any point in time. Non-union was defined as no clinical or radiological evidence of union after a minimum of six months treatment. Pin-site infection was defined and classified according to the Checketts, Otterburn and MacEachern system. 29 Statistical analysis of the results was undertaken using the chi-square test. A p-value of < 0.05 was considered to be statistically significant.
Results
Ninety-eight patients met the inclusion criteria. Two patients were excluded because they died of systemic complications of injuries sustained during polytrauma, which were unrelated to their tibia fractures. Two patients required amputation and were excluded. The first was a polytrauma patient with an irreparable vascular injury who refused initial amputation. He agreed to the amputation four weeks later. The second patient was undergoing bone transport for segmental bone loss and was unwilling to continue the reconstructive process. This patient requested amputation five months post-injury. Table I) Table I .
The mechanism of injury included motor vehicle accidents (n = 41), pedestrian vehicle accidents (n = 31), falls (n = 9), assaults (n=11) and motorcycle accidents (n=2). Forty-seven patients had associated injuries, illustrating the high-energy trauma that is often associated with these fractures (Table II) .
Medical co-morbidities were identified in five patients, including schizophrenia, previous cerebrovascular accident, pulmonary tuberculosis, hypertension and diabetes mellitus. HIV infection was found in 31 out of 94 (32.9%) patients with CD4 counts ranging from 82 to 1005 cells/mm Both patients with segmental bone loss were treated with circular external fixator bone transport. The third patient was treated with hexapod closed distraction of their stiff hypertrophic non-union. There was no statistically significant association between the initial injury classification (p = 0.117) or HIV status (p = 0.577) and the development of a non-union. Pin-site infection was the most common complication and occurred in 15 of 94 (16%) cases. The majority of these infections were minor grades according to the Checketts, Otterburn and MacEachern classification and responded well to local pin-site care and oral antibiotics. 29 Two patients developed major pin-site infections and were treated with local hydrosurgical debridement with no further infection noted on follow-up. Other complications included one ankle equinus contracture, one knee flexion contracture and five mal-unions of less than 10°.
Discussion
Grade III open tibia fractures are high-energy injuries with extensive soft tissue damage and bony comminution, and are often contaminated. Complications are common following these injuries, with deep infection and nonunion being the most prevalent. The optimal treatment of open tibia fractures remains to be established. In this study we set out to determine the short-term result of the treatment of Grade III open tibia fractures with circular external fixation. In addition we examined the influence of HIV infection on the incidence of infection and non-union.
Deep infection is an important complication following open fractures. Incidences of between 11% and 38% have been quoted following grade III open tibia fractures. [30] [31] [32] [33] [34] [35] [36] [37] [38] This is as a result of the high-energy transfer associated with these injuries that frequently result in devitalisation of tissues. Early administration of antibiotics, 4 adequate debridement 39 and early wound cover 40 have all been shown to decrease the incidence of infective complications. A recent review by Dickson et al. compared deep infection rates following severe open tibia fractures across multiple publications and treatment modalities. They reported deep infection rates of 0.9% in 420 patients treated in circular fixators, compared with 11% in 492 patients treated with plate fixation, 10.7% in 625 patients treated with mono-lateral external fixators, 8.7% in 547 patients treated with reamed nailing, and 7.1% in 1 223 patients who were treated with unreamed nails. 41 The difference in deep infection rates between circular fixators and these other fixation methods was found to be statistically significant. (p < 0.001) Deep infection occurred in 4.25% of cases in our series and compares favourably to the published results of other treatment modalities.
Non-union is particularly prevalent following open tibia fractures. 42 44 Gaston et al. reviewed 100 patients with tibial shaft fractures. They also reported a higher risk of non-union after open fractures with a relative risk of 3.4. 45 The use of definitive circular fixation in these injuries also has a potential benefit in this regard. These devices can be applied with minimal disruption of soft tissues and preservation of biological potential at the fracture site. The biomechanical properties of circular fixators result in a high bending and translational rigidity while maintaining a degree of axial motion at the fracture site. 19 This aids in creating a local milieu that is conducive to bone formation and fracture union. Dickson et al. also compared union rates after severe open fractures across multiple publications and treatment modalities. They found 98.6% union in 420 patients treated in circular fixators, compared with 83.1% in 492 patients treated with plate fixation, 89.3% in 625 patients treated with mono-lateral external fixators, 93.3% in 547 patients treated with reamed nailing, and 92.6% in 1 223 patients who were treated with unreamed nails. 41 The difference in union rates between circular fixators and these other fixation methods was found to be statistically significant (p < 0.001). Union was achieved in 96.8% of cases in our series and supports the findings of the abovementioned review.
The effect of HIV infection on open fracture outcome is controversial, with conflicting evidence on infective complications and non-union rates. [13] [14] [15] [16] [17] [18] Open fractures in particular appear to have an increased risk of non-union in HIV-positive individuals. Chandanwale et al. reported a significantly increased risk for non-union after open fractures in HIV-positive patients treated with mono-lateral external fixation (50% vs. 15%). 17 Aird et al. reported a nonunion risk of 15% in HIV positive patients compared with 4% in HIV negative patients with open fractures treated with mono-lateral external fixators. 46 Gardner et al. contradicted these findings and concluded that HIV did not increase the risk of non-union with internally fixed fractures. Their cohort however included only five open fractures. 47 Our series found no statistically significant association between HIV infection and non-union after grade III open tibia fractures. (p = 0.577) In terms of infection, Harrison et al. reported a statistically significant (p = 0.020) increased risk for infection after open tibia fractures treated with monolateral external fixation. 15 Bates et al. found no significant difference in the rate of infection between HIV positive and HIV negative patients with open or closed fractures in his study of internally fixed fractures. 48 Hao et al. reported that HIV infection did not correlate with a higher risk for postoperative infection with the use of internal fixation. 49 Aird et al. concluded that HIV was not a significant risk factor for acute implant infection after open fractures. 46 Our series found no statistically significant risk for deep infection in HIV-positive patients who sustained grade III open tibia fractures (p = 0.601). This could be due to a significant number of patients being on HAART (54.8%) compared to the study by Harrison et al. that had no patients on HAART.
There are several limitations of this study including a retrospective design, single-centre cohort and lack of a control group. Our study was also underpowered to draw strong conclusions regarding the effect of HIV status on deep infection or non-union following these injuries. Future research aimed at investigating this further is currently underway.
Conclusion
Definitive circular external fixation of grade III open tibia fractures provides excellent short-term results with low infection and non-union rates. HIV infection did not appear to be associated with an increased risk for deep infection or non-union.
